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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURE

PRIORITY CLAIM AND CROSS-REFERENC.

L1

This application claims priority to and the benefit of U.S.
Provisional Application No. 62/725,161, filed on Aug. 30,
2018, which application 1s hereby incorporated herein by

reference in 1ts entirety.
10

BACKGROUND

The semiconductor industry continues to improve the
integration density of various electronic components (e.g.,
transistors, diodes, resistors, capacitors, etc.) by continual
reductions in minimum feature size, which allow more
components, hence more functions, to be integrated into a
given area. Integrated circuits with high functionality
require many input/output pads. Yet, small packages may be
desired for applications where miniaturization 1s important.

Integrated Fan Out (InFO) package technology 1s becom-
ing increasingly popular, particularly when combined with
Water Level Packaging (WLP) technology in which inte-
grated circuits are packaged in packages that typically
include a redistribution layer (RDL) or post passivation
interconnect that 1s used to fan-out wiring for contact pads
of the package, so that electrical contacts can be made on a
larger pitch than contact pads of the integrated circuit. Such
resulting package structures provide for high functional
density with relatively low cost and high performance
packages.

15

20

25

30

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from 35

the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIGS. 1 through 4 illustrate cross-sectional views of
intermediate steps of forming a device structure, 1n accor-
dance with some embodiments.

FIGS. 5 through 8 illustrate cross-sectional views of 45
intermediate steps of forming a device structure, 1n accor-
dance with some embodiments.

FIGS. 9A through 9C illustrate cross-sectional views of
intermediate steps of forming an interconnect structure, 1n
accordance with some embodiments.

FIGS. 10 through 135 illustrate cross-sectional views of
intermediate steps of forming a package, 1n accordance with
some embodiments.

FIGS. 16 through 17 illustrate cross-sectional views of
packages, 1n accordance with some embodiments.

FIGS. 18 A through 20C 1illustrate cross-sectional views of
intermediate steps of singulating packages, 1n accordance
with some embodiments.

40

50

55

DETAILED DESCRIPTION

60

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the invention. Specific examples of components and
arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a

65

2

first feature over or on a second feature in the description
that follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments in which additional features may be
formed between the first and second features, such that the
first and second features may not be 1n direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters 1n the various examples. This repetition 1s
for the purpose of simplicity and clarity and does not in 1tself
dictate a relationship between the various embodiments
and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation 1n addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

In this disclosure, various aspects of a device package and
the formation thereol are described. The device package
may be, for example, a system-in-package. In some embodi-
ments, a {irst redistribution structure may be formed over the
one or more semiconductor devices, and then a second
redistribution structure formed over the first redistribution
structure. The redistribution structures may be, for example,
fan-out structures. An interconnect structure 1s formed on a
core substrate and then attached to the second redistribution
structure. By forming more of the routing within the redis-
tribution structures rather than within the interconnect struc-
ture, the electrical performance of the device package may
be improved and the overall manufacturing cost of the
device package may be reduced. The interconnect structure
can also provide rigidity to the device package and reduce
the chance change of warping or delamination.

FIGS. 1 through 15 illustrate cross-sectional views of
intermediate steps of forming a package 400 (see FI1G. 15),
in accordance with some embodiments. FIGS. 1 through 4
illustrate cross-sectional views of intermediate steps of
forming a device structure 100 (see FIG. 4), 1n accordance
with some embodiments. FIGS. 5 through 8 illustrate cross-
sectional views of intermediate steps of forming a device
structure 200 (see FIG. 8) incorporating, e.g., the device
structure 100, 1n accordance with some embodiments. FIGS.
9A through 9C illustrate cross-sectional views of interme-

diate steps of forming interconnect structure 300, 1n accor-
dance with some embodiments. FIGS. 10-135 illustrate cross-
sectional views of mtermediate steps of forming a package
400, 1n accordance with some embodiments.

With reference now to FIG. 1, there 1s shown a carrier
substrate 102 on which one or more semiconductor devices,
such as semiconductor devices 104A, 104B, and 104C, have
been placed, 1n accordance with some embodiments. The
carrier substrate 102 may include, for example, silicon-
based matenals, such as a silicon substrate (e.g., a silicon
waler), a glass material, silicon oxide, or other materials,
such as aluminum oxide, the like, or a combination. In some
embodiments, the carrier substrate 102 may be a panel
structure, which may be, for example, a supporting substrate
formed from a suitable dielectric material, such as a glass
material, a plastic material, or an organic material. The panel
structure may be, for example, a rectangular panel. The

- S 1
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carrier substrate 102 may be planar 1n order to accommodate
an attachment of devices such as the semiconductor devices

104A-C.

In some embodiments, a release layer (not shown) may be
formed on the top surface of the carrier substrate 102 to
tacilitate subsequent debonding of the carrier substrate 102.
The release layer may be formed of a polymer-based mate-
rial, which may be removed along with the carrier substrate
102 from the overlying structures that will be formed 1n
subsequent steps. In some embodiments, the release layer 1s
an e¢poxy-based thermal-release material, which loses its
adhesive property when heated, such as a Light-to-Heat-
Conversion (LTHC) release coating. In other embodiments,
the release layer may be an ultra-violet (UV) glue, which
loses its adhesive property when exposed to UV light. The
release layer may be dispensed as a liquid and cured, may be
a laminate film laminated onto the carrier substrate 102, or
the like. The top surface of the release layer may be leveled
and may have a high degree of co-planarity.

The semiconductor devices 104A-C are placed on the
carrier substrate 102 using a suitable process such as a
pick-and-place process. Each of the semiconductor devices
104A-C shown 1n FIG. 1 may be a semiconductor device
designed for an mtended purpose such as a memory die (e.g.,
a DRAM die, a stacked memory die, a high-bandwidth
memory (HBM) die, etc.), a logic die, a central processing
unit (CPU) die, a system-on-a-chip (SoC), the like, or a
combination thereotf. In an embodiment, the semiconductor
devices 104 A-C includes integrated circuit devices, such as
transistors, capacitors, inductors, resistors, metallization lay-
ers, external connectors, and the like, therein, as desired for
a particular functionality. In some embodiments, the semi-
conductor devices 104A-C may include more than one of the
same type of device, or different devices. FIG. 1 shows three
semiconductor devices 104A-C, but in other embodiments
one, two, or more than three semiconductor devices may be
placed on the carrier substrate 102.

FIG. 2 illustrates an encapsulation of the semiconductor
devices 104A-C. using an encapsulant 106, in accordance
with some embodiments. The encapsulation may be per-
formed 1n a molding device or the encapsulant 106 may be
deposited using another technique. The encapsulant 106
may be a molding compound such as a resin, polyimide,
PPS, PEEK, PES, another material, the like, or a combina-
tion thereof. FIG. 2 also 1llustrates a thinning of the encap-
sulant 106 1 order to expose the semiconductor devices
104A-C. The thinning may expose contacts of the semicon-
ductor devices 104A-C. The thinning may be performed,
¢.g., using a mechanical grinding or chemical mechanical
polishing (CMP). As such, the semiconductor devices
104A-C may have planar surfaces that are also planar with
the encapsulant 106. After thinning, the semiconductor
devices 104A-C may have a thickness between about 25 um
and about 787 um.

Turning to FIG. 3, a first redistribution structure 110 1s
formed over the semiconductor devices 104A-C and the
encapsulant 106, in accordance with some embodiments.

The first redistribution structure 110 shown includes insu-
lating layers 108A, 108B and 108C and includes redistri-

bution layers 109A, 1098, and 109C. In other embodiments,
different numbers of insulating layers or redistribution layers
may be formed 1n the first redistribution structure 110 than
described herein. In some embodiments, the first redistribu-
tion structure 110 may be formed 1n a different process than
that described herein. In some embodiments, the first redis-
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tribution structure 110 may be, for example, a fan-out
structure. In other embodiments, the first redistribution
structure 110 1s omitted.

Still referning to FIG. 3, the insulating layer 108A 1s
formed over the semiconductor devices 104A-C and the
encapsulant 106. The insulating layer 108 A may be made of
one or more suitable dielectric matenials such as an oxide
(e.g., silicon oxide), a nitride (e.g., silicon nitride), a poly-
mer material (e.g., a photosensitive polymer material), a
polyimide material, a low-k dielectric maternial, another
dielectric material, the like, or a combination thereotf. The
insulating layer 108A may be formed by a process such as
spin-coating, lamination, CVD, the like, or a combination
thereof. The nsulating layer 108 A may have a thickness of
between about 1 um and about 15 um, such as about 5 um,
although any suitable thickness may be used. Openings nto
the msulating layer 108 A may be formed using a suitable
photolithographic mask and etching process. For example, a
photoresist may be formed and patterned over the mnsulating
layer 108A, and one or more etching processes (e.g., a wet
etching process or a dry etching process) are utilized to
remove portions of the insulating layer 108A. In some
embodiments, the insulating layer 108A 1s formed of a
photosensitive polymer such as PBO, polyimide, BCB, or
the like, 1n which openings may be patterned directly using
a photolithographic mask and etching process. The openings
in the insulating layer 108A may expose contacts of the
semiconductor devices 104A-C.

The redistribution layer 109A 1s then formed over the
insulating layer 108A. In an embodiment, the redistribution
layer 109A may be formed by imitially forming a seed layer
(not shown) of one or more layers of titanium, copper, or a
titantum-copper alloy using a suitable formation process
such as PVD, CVD, sputtering, or the like. The seed layer 1s
formed over the nsulating layer 108A and over contacts of
the semiconductor devices 104A-C that are exposed by
openings 1n the insulating layer 108A. A photoresist (also
not shown) may then be formed to cover the seed layer and
then be patterned to expose those portions of the seed layer
that are located where the redistribution layer 109A will
subsequently be formed. Once the photoresist has been
formed and patterned, a conductive material may be formed
on the seed layer. The conductive material may be a material
such as copper, titanmium, tungsten, aluminum, another metal,
the like, or a combination thereof. The conductive material
may be formed through a deposition process such as elec-
troplating or electroless plating, or the like. However, while
the material and methods discussed are suitable to form the
conductive material, these are merely examples. Any other
suitable materials or any other suitable processes of forma-
tion, such as CVD or PVD, may alternatively be used to
form the redistribution layer 109A. Once the conductive
material has been formed, the photoresist may be removed
through a suitable removal process such as ashing or chemi-
cal stripping. Additionally, after the removal of the photo-
resist, those portions of the seed layer that were covered by
the photoresist may be removed through, for example, a
suitable wet etch process or dry etch process, which may use
the conductive material as an etch mask. The remaiming
portions of the seed layer and conductive material form the
redistribution layer 109A. In this manner, the redistribution
layer 109A may form electrical connections to the semicon-
ductor devices 104A-C.

In an embodiment, the msulating layer 108B 1s formed
over the redistribution layer 109A and insulating layer
108 A, which may be formed 1n a process and with materials
similar to the insulating layer 108A. Alternatively, the
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insulating layer 1088B may be formed differently than the
insulating layer 108A. The insulating layer 1088 may be
formed to have a thickness of between about 1 um and about
15 um, such as about 5 um. Openings may then be made
through the mnsulating layer 108B by removing portions of
the msulating layer 108B to expose at least a portion of the
underlying redistribution layer 109A. The openings allow
for contact between the redistribution layer 109A and an
overlying redistribution layer 109B (described further
below). The openings may be formed using a suitable
photolithographic mask and etching process, such as those
described above for insulating layer 108A, although any
suitable process to expose portions of the redistribution layer
109A may alternatively be used. In some embodiments, the
insulating layer 108B 1s formed of a photosensitive polymer,
and openings may be patterned directly 1n the insulating
layer 108B using a photolithographic mask and etching
process.

The redistribution layer 109B may then be formed to
provide additional routing along with electrical connection
within the first redistribution structure 110. In an embodi-
ment, the redistribution layer 109B may be formed using
materials and processes similar to the redistribution layer
109A. For example, a seed layer may be formed, a photo-
resist placed and patterned on top of the seed layer in a
desired pattern for the redistribution layer 109B. Conductive
material may then be formed 1n the patterned openings of the
photoresist using e.g., a plating process. The photoresist may
then be removed and the seed layer etched, forming redis-
tribution layer 109B.

The 1insulating layer 108C may be formed over the
redistribution layer 109B and insulating layer 108B, which
may be formed 1n a process and with materials similar to the
insulating layers 108 A or 108B. Alternatively, the imnsulating
layer 108C may be formed differently than the insulating
layers 108A or 108B. The insulating layer 108C may be
formed to have a thickness of between about 1 um and about
15 um, such as about 5 um. Openings may then be made
through the msulating layer 108C by removing portions of
the 1nsulating layer 108C to expose at least a portion of the
underlying redistribution layer 109B. The openings allow
for contact between the redistribution layer 109B and an
overlying redistribution layer 109C (described further
below). The openings may be formed using a suitable
photolithographic mask and etching process, such as those
described above for insulating layer 108 A or 108B, although
any suitable process to expose portions of the redistribution
layer 109B may alternatively be used. In some embodi-
ments, the mnsulating layer 108C 1s formed of a photosen-
sitive polymer, and openings may be patterned directly 1n the
insulating layer 108C using a photolithographic mask and
etching process.

The redistribution layer 109C may then be formed to
provide additional routing along with electrical connection
within the first redistribution structure 110. In an embodi-
ment, the redistribution layer 109C may be formed using
maternals and processes similar to the redistribution layers
109A or 109B. For example, a seed layer may be formed, a
photoresist placed and patterned on top of the seed layer in
a desired pattern for the redistribution layer 109C. Conduc-
tive material may then be formed 1n the patterned openings
of the photoresist using e.g., a plating process. The photo-
resist may then be removed and the seed layer etched,
forming redistribution layer 109C. In some embodiments,
exposed portions of the redistribution layer 109C may be
contacts for subsequent electrical connections (see e.g., FIG.

7).
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FIG. 4 illustrates a singulation and debonding to form
device structure 100, in accordance with some embodi-
ments. In an embodiment, the structure may be singulated
using one or more saw blades to separate the structure into
discrete pieces, forming one or more singulated device
structures 100 attached to the carrier substrate 102. How-
ever, any suitable method of singulation, including laser
ablation or one or more wet etches, may also be utilized. The
carrier substrate 102 may be debonded from a device
structure 100 using, e.g., a thermal process to alter the
adhesive properties of a release layer disposed on the carrier
substrate 102. In a particular embodiment an energy source
such as an ultraviolet (UV) laser, a carbon dioxide (CO,)
laser, or an infrared (IR ) laser, 1s utilized to irradiate and heat
the release layer until the release layer loses at least some of
its adhesive properties. Once performed, the carrier substrate
102 and the release layer may be physically separated and
removed from a device structure 100. In some embodiments,
the device structure 100 has a thickness of between about 40
um and about 1500 um, although any suitable thickness may
be used. In some embodiments, the device structure 100 has
lateral width of between about 10 mm and about 300 mm,
such as about 32 mm, although any suitable width may be
used.

In other embodiments, the device structure 100 1s formed
by first forming a redistribution structure on the carrier
substrate 102. The redistribution structure may be similar to
the first redistribution structure 110 described with respect to
FIG. 3, and may be formed on the carrier substrate 102 1n a
similar manner. After forming a redistribution structure, one
or more semiconductor devices are attached and electrically
connected to the redistribution structure. The semiconductor
devices may be similar to one or more of the semiconductor
devices 104 A-C described above with respect to FIG. 1. The
semiconductor devices may be attached using a suitable
process (e.g., a pick and place process), and may be elec-
trically connected to the redistribution layer by e.g., direct
bonding, solder balls, or another suitable technique. The
semiconductor devices may then be encapsulated by an
encapsulant, which may be similar to encapsulant 106
described above with respect to FIG. 2, and which may be
applied 1n a similar manner. The structure may then be
singulated to form a device structure 100 and debonded from
the carrier substrate 102, which may be performed using
techniques similar to those described above with respect to
FIG. 4.

FIGS. 3-8 illustrate cross-sectional views of intermediate
steps of forming a device structure 200 (see FIG. 8), 1n
accordance with some embodiments. With reference now to
FI1G. 5, there 1s shown a carrier substrate 202 on which
device structure 100 has been placed, in accordance with
some embodiments. The carrier substrate 202 may include,
for example, silicon-based materials, such as a silicon sub-
strate (e.g., a silicon water), a glass matenal, silicon oxide,
or other materials, such as aluminum oxide, the like, or a
combination. In some embodiments, the carrier substrate
202 may be a panel structure formed from a suitable
maternal. The carrier substrate 202 may be planar 1n order to
accommodate an attachment of devices such as the device
structure 100 or other devices. In some embodiments, a
release layer (not shown) may be formed on the top surface
of the carrier substrate 202 to facilitate subsequent debond-
ing of the carrier substrate 202. The release layer may be
similar to the release layer described previously with respect
to FIG. 1, or may be a diflerent type of release layer. The top
surface of the release layer may be leveled and may have a
high degree of co-planarity.




US 11,171,090 B2

7

In some embodiments, the device structure 100 1s placed
on the carrier substrate 202 using a suitable process such as
a pick-and-place process. FIG. 5 shows a single device
structure 100 placed on the carrier substrate 202, but in other
embodiments two or more devices or device structures may
be placed on the carrier substrate 202. Example devices may
include other semiconductor devices, integrated circuit
devices, integrated passive devices, the like, or a combina-
tion thereol. Example device structures may include device
structures similar to device structure 100 or different than
device structure 100. In some embodiments, the devices or
device structures may include more than one of the same
type of device or device structure. It will be appreciated that
the device structure 100 shown 1n FIGS. 5-8 1s an example,
and any suitable devices or device structures may be
attached to the carrier substrate 202 singly or in combina-
tion, and all such configurations are considered within the
scope of this disclosure.

FI1G. 6 illustrates an encapsulation of the device structure
100 using an encapsulant 206, 1n accordance with some
embodiments. The encapsulation may be performed 1 a
molding device or the encapsulant 206 may be deposited
using another techmique. The encapsulant 206 may be a
material similar to the encapsulant 106 described above with
respect to FIG. 2, or may be a different material. FIG. 6 also
illustrates a thinning of the encapsulant 206 in order to
expose the device structure 100. The thinning may expose
portions of the redistribution layer 109C of the device
structure 100 or other conductive regions (e.g., contacts,
bonding pads, etc.) to which electrical connections may be
made. The thinning may be performed, e.g., using a
mechanical grinding or chemical mechanical polishing
(CMP). As such, the device structure 100 may have a planar

surface that 1s also planar with the encapsulant 206.

Turning to FIG. 7, a second redistribution structure 210 1s
formed over the device structure 100 and the encapsulant
206, in accordance with some embodiments. The second
redistribution structure 210 shown includes insulating layers
208A-G (for clarity, only msulating layers 208A and 208G
are labeled) and includes redistribution layers 209A-G (for
clarity, only redistribution layers 209A and 209G are
labeled). In other embodiments, different numbers of 1nsu-
lating layers or redistribution layers may be formed 1n the
second redistribution structure 210 than described herein.
For example, in some embodiments, the second redistribu-
tion structure 210 may include between about 1 and about 15
insulation layers or redistribution layers.

The second redistribution structure 210 may be formed
using a process similar to the first redistribution structure
110, described above with respect to FIG. 3, or may be
formed using a different process. In some embodiments, the
insulating layer 208A 1s formed over device structure 100
and the encapsulant 206. The sulating layer 208A may be
made of a material such as a polymer material or a polyimide
material, a material similar to those described above for the
insulating layer 108A (see FI1G. 3), the like, or a combination
thereof. The insulating layer 208 A may be formed by a
process such as spin-coating, lamination, CVD, the like, or
a combination thereof. The insulating layer 208 A may have
a thickness of between about 2 um and about 50 um, such
as about 15 wm, although any suitable thickness may be
used.

Openings into the insulating layer 208 A may be formed
using a suitable photolithographic mask and etching process.
For example, a photoresist may be formed and patterned
over the insulating layer 208A, and one or more etching
processes (e.g., a wet etching process or a dry etching
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process) are utilized to remove portions of the isulating
layer 208A. In some embodiments, the insulating layer
208A 15 formed of a photosensitive polymer such as PBO,
polyimide, BCB, or the like, 1n which openings may be
patterned directly using a photolithographic mask and etch-
ing process. The openings 1n the msulating layer 208A may
expose portions of the first redistribution structure 110 of the
device structure 100 1n order to subsequently make electrical
connections to the second redistribution structure 210.

The redistribution layer 209A 1s then formed over the
insulating layer 208A. In an embodiment, the redistribution
layer 209A may be formed by imitially forming a seed layer
(not shown) of one or more layers of titanium, copper, or a
titanium-copper alloy using a suitable formation process
such as PVD, CVD, sputtering, or the like. The seed layer 1s
formed over the msulating layer 208A and over portions of
the first redistribution structure 110 of the device structure
100 that are exposed by openings 1n the insulating layer
208A. A photoresist (also not shown) may then be formed to
cover the seed layer and then be patterned to expose those
portions of the seed layer that are located where the redis-
tribution layer 209A will subsequently be formed. Once the
photoresist has been formed and patterned, a conductive
material may be formed on the seed layer. The conductive
material may be a material such as copper, titanium, tung-
sten, aluminum, another metal, the like, or a combination
thereof. The conductive material may be formed through a
deposition process such as electroplating or electroless plat-
ing, or the like. However, while the material and methods
discussed are suitable to form the conductive material, these
are merely examples. Any other suitable maternials or any
other suitable processes of formation, such as CVD or PVD,
may alternatively be used to form the redistribution layer
209A. Once the conductive material has been formed, the
photoresist may be removed through a suitable removal
process such as ashing or chemical stripping. Additionally,
alter the removal of the photoresist, those portions of the
seed layer that were covered by the photoresist may be
removed through, for example, a suitable wet etch process or
dry etch process, which may use the conductive maternial as
an etch mask. The remaining portions of the seed layer and
conductive material form the redistribution layer 209A. In
this manner, the redistribution layer 209A may form elec-
trical connections to the device structure 100.

In some embodiments, the redistribution layer 209A may
form conductive traces having a line width between about 1
um and about 50 um. In some embodiments, the redistribu-
tion layer 209A may form conductive traces having a line
space between about 1 um and about 50 um. In some
embodiments, the redistribution layer 209 A may form con-
ductive traces having a line width roughness (LWR)
between about Ra=0.01 um and about Ra=0.5 um. In some
embodiments, the redistribution layer 209 A may form con-
ductive traces having a thickness between about 1 um and
about 20 um. In some embodiments, the redistribution layer
209A may form vias having a diameter between about 2 um
and about 65 um.

Additional msulating layers 209B-G and redistribution
layers 209B-G may then be formed over the redistribution
layer 209A and insulating layer 208 A to provide additional
routing along with electrical connection within the second
redistribution structure 210. The insulating layers 209B-G
and redistribution layers 209B-G may be formed 1n alter-
nating layers, and may be formed using processes and
materials similar to those used for the insulating layer 208 A
or the redistribution layer 209A. For example, an msulating
layer (e.g., msulating layer 208B) may be formed over a
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redistribution layer (e.g., redistribution layer 209A), and
then openings made through the insulating layer to expose
portions of the underlying redistribution layer using a suit-
able photolithographic mask and etching process. A seed
layer may be formed over the msulating layer and conduc-
tive material formed on portions of the seed layer, forming
an overlying redistribution layer (e.g., redistribution layer
209B). These steps may be repeated to form a second
redistribution structure 210 having a suitable number and
configuration of insulation layers and redistribution layers.
Alternatively, the insulating layer 208B-G or redistribution
layers 209B-G may be formed differently than the imnsulating
layer 208A or redistribution layer 209A. The insulating
layers 208B-G may be formed to each have a thickness of
between about 2 um and about 50 um, such as about 15 um.
In this manner, the second redistribution structure 210 may
be formed that 1s electrically connected to the first redistri-
bution structure 110 of the device structure 100. In some
embodiments, the second redistribution structure 210 1s a
tan-out structure and the first redistribution structure 110 1s
also a fan-out structure. In other embodiments, the second
redistribution structure 210 may be formed 1n a different
process than described herein.

Turning to FIG. 8, external connectors 212 are formed on
the second redistribution structure 210. In some embodi-
ments, under-bump metallization structures (UBMs, not
shown) are first formed on portions of the topmost redistri-
bution layer of the redistribution structure 210 (e.g., redis-
tribution layer 209G m FIG. 8). The UBMs may, for
example, include three layers of conductive materials, such
as a layer of titamium, a layer of copper, and a layer of nickel.
However, other arrangements of materials and layers may be
used, such as an arrangement ol chrome/chrome-copper
alloy/copper/gold, an arrangement of titanium/titanium
tungsten/copper, or an arrangement of copper/mickel/gold,
that are suitable for the formation of the UBMs. Any suitable
materials or layers of material that may be used for the
UBMs and are fully intended to be included within the scope
of the current application. The UBMs may be created by
forming each layer of the UBMs over the second redistri-
bution structure 210. The forming of each layer may be
performed using a plating process, such as electroplating or
clectroless plating, although other processes of formation,
such as sputtering, evaporation, or PECVD process, may
alternatively be used depending upon the desired materials.
Once the desired layers have been formed, portions of the
layers may then be removed through a suitable photolitho-
graphic masking and etching process to remove the unde-
sired material and to leave the UBMs 1n a desired shape,
such as a circular, octagonal, square, or rectangular shape,
although any desired shape may alternatively be formed. In
some embodiments, the UBMs are formed over the topmost
redistribution layer as part of formation of the second
redistribution structure 210, which may include using the
same photolithographic steps used to form the topmost
redistribution layer. For example, layers of the UBMs may
be deposited over the topmost redistribution layer, and then
excess material of the topmost redistribution layer and the
UBMs removed 1n the same process.

Still referring to FIG. 8, external connectors 212 are
formed over the second redistribution structure 210. The
external connectors 212 may be formed over UBMs, 1f
present. The external connectors 212 may be, for example,
contact bumps or solder balls, although any suitable types of
connectors may be utilized. In an embodiment in which the
external connectors 212 are contact bumps, the external
connectors 212 may include a material such as tin, or other
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suitable materials, such as silver, lead-iree tin, or copper. In
an embodiment 1n which the external connectors 212 are tin
solder bumps, the external connectors 212 may be formed by
initially forming a layer of tin using such a techmque such
as evaporation, electroplating, printing, solder transfer, ball
placement, etc. Once a layer of tin has been formed on the
structure, a reflow may be performed 1n order to shape the
material into the desired bump shape for the external con-
nectors 212. In some embodiments, the external connectors
212 may have a thickness between about 2 um and about 500
um. In some embodiments, the external connectors 212 may
have a pitch between about 25 um and about 1000 um. In
this manner, a device structure 200 may be formed that
includes a device structure 100 and a second redistribution
structure 210. However, 1n other embodiments, the device
structure 200 may be formed using other processes. In some
embodiments, external connectors 212 are not formed on the
device structure 200, described 1n greater detail below with
respect to FIGS. 10 and 11.

Turning to FIGS. 9A-C, cross-sectional views of inter-
mediate steps of forming an interconnect structure 300 (see
FIG. 9C) are shown, 1n accordance with some embodiments.
The interconnect structure 300 1s attached to the device
structure 200 (see FIGS. 10-11) and provides additional
clectrical routing. The interconnect structure 300 1s free of
active devices. In some embodiments, the interconnect
structure 300 may be, for example, an nterposer or a
“semi-finished substrate.” The interconnect structure 300
can also provide stability and rigidity to an attached device
structure 200, and can reduce warping of an attached device
structure 200. FIG. 9A shows a cross-sectional view of a
core substrate 302 having conductive layers 304 disposed on
opposite surfaces, 1n accordance with some embodiments. In
some embodiments, the core substrate 302 may include a
material such as Ajmomoto build-up film (ABF), a pre-
impregnated composite fiber (prepreg) material, an epoxy, a
molding compound, an epoxy molding compound, fiber-
glass-reinforced resin materials, printed circuit board (PCB)
materials, silica filler, polymer maternials, polyimide mate-
rials, paper, glass fiber, non-woven glass fabric, glass,
ceramic, other laminates, the like, or combinations thereof.
In some embodiments, the core substrate may be a double-
sided copper-clad laminate (CCL) substrate or the like. The
core substrate 302 may have a thickness between about 30
um and about 2000 um, such as about 800 un or about 1200
um. The conductive layers 304 may be one or more layers
of copper, nickel, aluminum, other conductive matenals, the
like, or a combination thereof laminated or formed onto
opposing sides of the core substrate 302. In some embodi-
ments, the conductive layers 304 may have a thickness
between about 1 um and about 30 um.

Referring to FIG. 9B, openings (not shown) are formed 1n
the core substrate 302 within which through vias 306 are
formed (described below). In some embodiments, the open-
ings are formed by, for example, a laser drilling technique.
Other processes, e.g., mechanical drilling, etching, or the
like, may also be used in other embodiments. In some
embodiments, an optional surface preparation process may
be performed after the openings are formed. The surface
preparation process may include a process that cleans
exposed surfaces of the core substrate 302 and conductive
layers 304 with one or more cleaning solutions. The cleaning
solutions may include sulfuric acid, chromic acid, a neu-
tralizing alkaline solution, a water rinse, the like, or a
combination. In some cases, the surface preparation process
removes or reduces residues, oils, native oxide films, etc. In
some embodiments, an optional desmear process may be
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performed to clean regions near the openings. The desmear
process may be performed in addition to or instead of the
surface preparation process. For example, the desmear pro-
cess may remove residual material of the core substrate 302.
The desmear process may be accomplished mechanically
(e.g., blasting with a fine abrasive 1 a wet slurry), chemi-
cally (e.g., rinsing with a combination of organic solvents,
permanganate etc.), or by a combination of mechanical and
chemical desmearing. Following the surface preparation
process or desmear process, a conditiomng treatment may be
performed using a chemical conditioner that facilitates
adsorption of an activator used during subsequent electroless
plating. In some embodiments, the conditioning treatment
may be followed by micro-etching of the conductive layers
304 to roughen the conductive surface for better bonding
between the conductive layers 304 and subsequently depos-
ited conductive material for routing layers 308 and 309
(described below).

Still referring to FIG. 9B, conductive matenal 1s deposited
to form a routing layer 308 on a side of the core substrate
302 and through vias 306 within the openings 1n the core
substrate 302. In some embodiments, the routing layer 308
and through vias 306 are formed by first forming a patterned
mask over the core substrate 302. The patterned mask may
be, for example, a patterned photoresist layer. Openings in
the patterned mask expose portions of the conductive layer
304 on which conductive material will subsequently be
formed. The openings in the patterned mask also may
expose the openings 1n the core substrate 302. The conduc-
tive material may then be deposited on the exposed regions
of the conductive layer 304 and within the openings 1n the
core substrate 302 using, for example, a plating process, an
clectroless plating process, or another process. In some
embodiments, the conductive material 1s deposited having a
thickness between about 2 um and about 30 um. After
depositing the conductive material, the patterned mask layer
(e.g., the photoresist) may be removed using a wet chemical
process or a dry process (e.g., an ashing process). Portions
of the conductive layer 304 that were covered by the
patterned mask layer may be removed with the patterned
mask layer or using a separate etching process. In this
manner, a routing layer 308 1s formed on a side of the core
substrate 302. A similar process may then be performed on
the opposite side of the core substrate 302 to form a routing
layer 309 (and/or remaining portions of through vias 306) on
the opposite side of the core substrate 302. In this manner,
the conductive material may form routing layers 308 and
309 on opposite sides of the core substrate 302 and through
vias 306 extending through the core substrate 302.

In some embodiments, after forming the conductive mate-
rial along sidewalls of the openings, the openings may then
be filled with a dielectric material 307 as illustrated 1n FIG.
9B. The dielectric material 307 may provide structural
support and protection for the conductive material. In some
embodiments, the dielectric material 307 may be a material
such as a molding material, epoxy, an epoxy molding
compound, a resin, materials including monomers or oli-
gomers, such as acrylated urethanes, rubber-modified acry-
lated epoxy resins, or multifunctional monomers, the like, or
a combination thereof. In some embodiments, the dielectric
material 307 may include pigments or dyes (e.g., for color),
or other fillers and additives that modily rheology, improve
adhesion, or aflect other properties of the dielectric material
307. The dielectric material 307 may be formed using, e.g.,
a spin-on process or another process. In some embodiments,
the conductive material may completely {ill the through vias
306, omitting the dielectric material 307.
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Turning to FIG. 9C, dielectric layers and additional rout-
ing layers may be formed over the routing layers 308 and
309 to form routing structures 312 and 316. The routing
structures 312 and 316 are formed on opposite sides of the
core substrate 302 and may provide additional electrical
routing within the interconnect structure 300. The routing
structure 312 1s electrically connected to the routing layer
308 and includes alternating dielectric layers 310A-C and
routing layers 311 A-C. The routing structure 316 1s electri-
cally connected to the routing layer 309 and includes alter-
nating dielectric layers 314A-C and routing layers 315A-C.
Each of the routing structures 312 or 316 may have any
suitable number of dielectric layers or routing layers, includ-
ing more or fewer than shown in FIG. 9C. In some embodi-
ments, one or both of routing structures 312 or 316 may be
omitted. In some cases, the number of routing layers 1n
routing structure 312 or 316 may be reduced by increasing
the number of redistribution layers in the first redistribution
structure 110 and/or the second redistribution structure 210.

In some embodiments, the routing structure 312 1s formed
by forming a dielectric layer 310A over the routing layer 308
and the core substrate 302. In some embodiments, the
dielectric layer 310A may be a material such as a build-up
material, ABF, a prepreg material, a laminate material,
another material similar to those described above for the
core substrate 302, the like, or combinations thereof. The
dielectric layer 310A may be formed by a lamination pro-
cess, a coating process, or another suitable process. In some
embodiments, the dielectric layer 310A may have a thick-
ness between about 2 um and about 30 um. In some
embodiments, a conductive layer (not shown) may be
formed over the dielectric layer 310A, which may act as a
seed layer for forming conductive material (described
below). The conductive layer may be e.g., a metal fo1l such
as a copper foil, or another type of material such as those
described above for conductive layer 304. Openings (not
shown) are formed 1n the dielectric layer 310A that expose
portions of the routing layer 308 for subsequent electrical
connection. In some embodiments, the openings are formed
by, for example, a laser drilling technique. Other processes,
¢.g., mechanical drilling, etching, or the like, may also be
used 1n other embodiments. In some embodiments, an
optional surface preparation process (€.g., a desmear process
or the like) may be performed after the openings are formed.

A conductive matenal 1s then deposited to form routing
layer 311A on the dielectric layer 310A and within the
openings 1n the dielectric layer 310A. In some embodiments,
the routing layer 311A 1s formed by first forming a patterned
mask over the dielectric layer 310A. The patterned mask
may be, for example, a patterned photoresist layer. Openings
in the patterned mask may expose portions of the dielectric
layer 310A (or, if present, a conductive layer on the dielec-
tric layer 310A) on which conductive material will subse-
quently be formed. The openings 1n the patterned mask also
may expose the opemings in the dielectric layer 310A. The
conductive material may then be deposited on the exposed
regions of the dielectric layer 310A and within the openings
in the dielectric layer 310A using, for example, a plating
process, an electroless plating process, or another process. In
some embodiments, the conductive material 1s deposited
having a thickness between about 2 um and about 350 um.
After depositing the conductive material, the patterned mask
layer (e.g., the photoresist) may be removed using a wet
chemical process or a dry process (e.g., an ashing process).
In this manner, an additional routing layer 311A 1s formed
over and electrically connected to the routing layer 308.
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In some embodiments, the routing layer 311 A may form
conductive traces having a line width between about 1 um
and about 50 um. In some embodiments, the routing layer
311A may form conductive traces having a line space
between about 1 um and about 50 um. In some embodi-
ments, the routing layer 311 A may form conductive traces

having a line width roughness (LWR) between about
Ra=0.01 um and about Ra=0.5 um. In some embodiments,
the routing layer 311 A may form conductive traces having a
thickness between about 1 um and about 20 um. In some
embodiments, the routing layer 311 A may form vias having
a diameter between about 2 um and about 65 um.

Additional dielectric layers 310B-C and routing layers
311B-C may then be formed over the routing layer 311 A and
dielectric layer 310A to provide additional routing along
with electrical connection within the routing structure 312.
The dielectric layers 310B-C and routing layers 311B-C may
be formed 1n alternating layers, and may be formed using
processes and materials similar to those used for the dielec-
tric layer 310A or the routing layer 311 A. For example, a
dielectric layer (e.g., dielectric layer 310B) may be formed
over a routing layer (e.g., routing layer 311A), and then
openings made through the dielectric layer to expose por-
tions of the underlying routing layer using, e.g., a laser
drilling process. A patterned mask may be formed over the
dielectric layer, and conductive material may then be formed
and the patterned mask removed, forming a routing layer
over the dielectric layer. These steps may be repeated to
form a routing structure 312 having a suitable number and
configuration of dielectric layers and routing layers.

In some embodiments, dielectric layers 314A-C and rout-
ing layers 315A-C may be formed over the routing layer 309
to form the routing structure 316. The routing structure 316
may be formed using a process similar to that of the routing,
structure 312, described above. For example, dielectric
layers 314A-C may be formed alternating with routing
layers 315A-C. Openings 1n a dielectric layer may be formed
(e.g., using laser drilling) and conductive material deposited
over the dielectric layer to form a routing layer. These steps
may be repeated to form a routing structure 316 having a
suitable number and configuration of dielectric layers and
routing layers. The routing structure 316 may be electrically
connected to the routing structure 312 by the through vias
306.

In some embodiments, a patterned protective layer (not
shown) 1s formed over the routing structures 312 and 316 of
the iterconnect structure 300. The protective layer may be
¢.g., a solder resist material, and may be formed to protect
the surfaces of the routing structures 312 or 316. In some
embodiments, the protective layer may be a photosensitive
material formed by printing, lamination, spin-coating, or the
like. The photosensitive material may then be exposed to an
optical pattern and developed, forming openings in the
photosensitive material. In other embodiments, the protec-
tive layer may be formed by depositing a non-photosensitive
dielectric layer (e.g., silicon oxide, silicon nitride, the like,
or a combination), forming a patterned photoresist mask
over the dielectric layer using suitable photolithography
techniques, and then etching the dielectric layer using the
patterned photoresist mask using a suitable etching process
(e.g., wet etching or dry etchung). The protective layer may
be formed and patterned over the routing structure 312 and
the routing structure 316 using the same techniques. In some
embodiments, the protective layer may have a thickness
between about 10 um and about 300 um. Other processes
and materials may also be used.
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In some embodiments, an optional solderability treatment
may then be performed on the exposed surfaces of the
topmost routing layers of the routing structures 312 or 316.
For example, as shown 1n FIG. 9C, a solderability treatment
may be performed on exposed surfaces of the routing layer
311C and on exposed surfaces of the routing layer 315C. The
treatment may include an electroless nickel-electroless pal-
ladium-immersion gold technique (ENEPIG) process, an
organic solderability preservative (OSP) process, or the like.
In some embodiments, external connectors (not shown) such
as solder bumps may be formed on one or both of the routing
structures 312 or 316. The external connectors may, for
example, be similar to external connectors 212 (see FIG. 8)
or may be similar to external connectors 406, described
below with respect to FIG. 13.

FIG. 10 1llustrates a placement of interconnect structures
300 into electrical connection with device structures 200, in
accordance with some embodiments. FIG. 10 shows an
embodiment 1n which multiple, distinct interconnect struc-
tures 300 are to be bonded to multiple device structures 200
prior to singulating the multiple device structures. In an
embodiment, the interconnect structures 300 are placed into
physical contact with the external connectors 212 (on the
device structure 200) using, e.g., a pick and place process.
The interconnect structures 300 may be placed such that
exposed regions of the topmost routing layer of a routing
structure are aligned with corresponding external connectors
212. For example, the regions of the routing layer 311C (see
FIG. 9C) of the routing structure 312 or regions of the
routing layer 315C of the routing structure 316 (see FIG. 9C)
may be placed in physical contact with the external connec-
tors 212. Once 1n physical contact, a reflow process may be
utilized to bond the external connectors 212 of the device
structures 200 to the interconnect structures 300. In some
embodiments, external connectors are formed on the inter-
connect structures 300 instead of or in addition to the
external connectors 212 formed on the device structure 200.
In some embodiments, external connectors 212 are not
formed on the device structures 200, and the interconnect
structures 300 are bonded to the devices structures 200 using,
a direct bonding technique such as a thermocompression
bonding technique.

In the embodiment shown 1n FIG. 10, the device struc-
tures 200 are shown prior to singulation. In other embodi-
ments, the device structures 200 may be singulated prior to
attachment of the interconnect structures 300. As shown 1n
FIG. 10, adjacent interconnect structures 300 may be placed
such that a gap D1 1s present between them. In some
embodiments, the spacing of adjacent device structures 200
may be controlled such that the gap D1 is a certain distance
or within a certain range of distances. For example, the gap
D1 may be a distance between about 5 um and about 2000
um. In some cases, the gap D1 distance may be controlled
in order to avoid collision between adjacent interconnect
structures 300 during placement. In some cases, the gap D1
distance may be controlled to facilitate subsequent deposi-
tion of molding underfill 402, described below with respect
to FIG. 12.

FIG. 11 shows a interconnect structure 300 attached to a
device structure 200, 1n accordance with some embodi-
ments. In some embodiments, the vertical distance between
the bottom dielectric layer of the interconnect structure 300
and the top isulating layer of the device structure 200 is
between about 10 um and about 1000 um. In FIG. 12, an
underfill 402 1s deposited along the sidewalls of the inter-
connect structure 300 and in the gap between the intercon-
nect structure 300 and the device structure 200. The undertill
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402 may be a matenial such as a molding compound, an
epoxy, an underfill, a molding underfill (MUF), a resin, or
the like. The underfill 402 can protect the external connec-
tors 212 and provide structural support for the device
structure. In some embodiments, the underfill 402 may be
cured after deposition. In some embodiments, the underfill
402 may be thinned after deposition. The thinming may be
performed, e.g., using a mechanical grinding or CMP pro-
cess. In some embodiments, the underfill 402 may be
deposited over the routing structure 312, and the thinning
may expose the topmost routing layer of the routing struc-
ture 312 (e.g., routing layer 311C).

In FIG. 13, external connectors 406 are formed over and
clectrically connected to the interconnect structure 300. The
external connectors 406 may be formed on exposed portions
of the topmost routing layer of the routing structure 312
(e.g., routing layer 311C). In some embodiments, UBMs are
formed on the routing structure 312, and the external con-
nectors 406 are formed over the UBMs. In some embodi-
ments a protective layer 404 1s first formed over the routing
structure 312. The protective layer 404 may be formed over
UBMs, 1t present. The protective layer 404 may be formed
from one or more suitable dielectric materials such as
polybenzoxazole (PBO), a polymer material, a polyimide
material, a polyimide derivative, an oxide, a nitride, the like,
or a combination thereof. The protective layer 404 may be
formed by a process such as spin-coating, lamination, CVD,
the like, or a combination thereof. The protective layer 404
may have a thickness of between about 0.5 um and about 50
um, such as about 20 um, although any suitable thickness
may be used.

Openings may then be formed in the protective layer 404
to expose portions of the routing structure 312 (which may
include UBMs, 1 present). The openings in the protective
layer 404 may be formed using a suitable technique such as
laser drilling or a photolithographic mask and etching pro-
cess. The external connectors 406 are then formed over the
exposed portions of the routing structure 312, and make
clectrical connection to the routing structure 312. The exter-
nal connectors 406 may be, for example, contact bumps or
solder balls, although any suitable types of connectors may
be utilized. In an embodiment in which the external con-
nectors 406 are contact bumps, the external connectors 406
may include a maternial such as tin, or other suitable mate-
rials, such as silver, lead-free tin, or copper. In an embodi-
ment 1 which the external connectors 406 are tin solder
bumps, the external connectors 406 may be formed by
initially forming a layer of tin using such a technique such
as evaporation, electroplating, printing, solder transfer, ball
placement, etc. Once a layer of tin has been formed on the
structure, a reflow may be performed 1n order to shape the
material into the desired bump shape for the external con-
nectors 406. In some embodiments, the external connectors
406 may have a thickness between about 2 um and about
1000 um. In some embodiments, the external connectors 406
may have a pitch between about 250 um and about 1250 um.
In some embodiments, the external connectors 406 may be
similar to external connectors 212 described above with
respect to FIG. 8.

FI1G. 14 1llustrates a debonding of the carrier substrate 202
and attachment of the resulting structure to a carrier struc-
ture 408. The carner structure 408 may be, for example, a
tape, a frame, a ring, or another suitable structure. Once the
structure 1s attached to the carrier structure 408, the carrier
substrate 202 may be debonded from the structure. In
accordance with some embodiments in which a release layer
1s present, the debonding may include projecting a light such
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as a laser light or an UV light on the release layer so that the
release layer decomposes under the heat generated by the
light and the carrier substrate 202 be removed from the
structure.

FIG. 15 illustrates a singulation and debonding to form
package 400, 1n accordance with some embodiments. In an
embodiment, the structure may be singulated using one or
more saw blades that separate the structure into discrete
pieces, forming one or more singulated packages 400
attached to the carrier structure 408. However, any suitable
method of singulation, including laser ablation or one or
more wet etches, may also be utilized. After singulation, the
package 400 may be removed from the carrier structure 408.
In some embodiments, the package 400 may have lateral
dimensions between about 30 mm by 30 mm and about 200
mm by 200 mm, such as about 100 mm by 100 mm, though
a package 400 may have other dimensions than these. In
some embodiments, the package 400 may have a vertical
thickness between about 500 um and about 5000 um.

Forming a package 400 that includes an interconnect
structure 300 attached to a device structure 200 as described
herein may achieve advantages. For example, a structure
having larger lateral dimensions may be more prone to
warping or delamination. An interconnect structure 300 as
described herein may be relatively rigid and thus may
provide structural support for the device structure 200,
reducing warping of the device structure 200.

In some cases, the redistribution structures no and 210
may be formed using more robust and reliable techniques
than the routing structures 312 or 316. For example, the
redistribution structures no and 210 may be formed (e.g., in
a semiconductor fabrication plant) using a fan-out process,
whereas the routing structures 312 and 316 may be formed
using a build-up process. By using a more robust process,
the redistribution structures 110 and 210 may have higher a
yield than the routing structures 312 and 316. In some cases,
the process for forming the redistribution structures no and
210 may form redistribution layers having smaller dimen-
sions and having less line width roughness than the process
for forming routing layers in the routing structures 312 and
316. Thus, the redistribution structures no and 210 may have
improved electrical performance relative to the routing
structures 312 and 316, particularly 1n the case of high
frequency operation.

In some cases, by forming the redistribution structures
110 and 210 as part of the device structure 200, the routing
structures 312 or 316 of the interconnect structure may be
formed having fewer layers. By forming more of the elec-
trical routing of the package 400 within the redistribution
structures 110 or 210 and less of the electrical routing within
the routing structures 312 or 316, the overall electrical
performance of the package 400 may be improved, as
described previously. The redistribution structures 110 and
210 may have individual layers that are thinner than the
individual layers of the routing structures 312 and 316,
which can reduce overall size of the package 400. Addition-
ally, the overall manufacturing cost of the package 400 may
be reduced by forming more layers within the redistribution
structures 110 or 210.

In some cases, materials of a package or device having
large differences of the coefhicient of thermal expansion
(CTE) can cause delamination, shorts, or other failures at
higher temperature operation. In some cases, the redistribu-
tion structures 110 or 210 may include maternials having a
CTE that 1s closer to the CTE of semiconductor devices
104A-C (or other materials in the package 400) than the
CTE of matenials of the interconnect structure 300. For
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example, the mnsulation layers of the redistribution structures
110 or 210 may have a CTE that 1s smaller than the CTE of
the dielectric layers of the routing structures 312 or 316.
Thus, by forming more of the electrical routing in the device
structure 200 and forming less of the electrical routing 1n the
interconnect structure 300, the reliability of the package 400
may be improved, particularly at higher temperature opera-
tion.

Still referring to FIG. 135, the package 400 shown includes
a device structure 200 and an interconnect structure 300 1n
which the device structure 200 has larger lateral dimensions
than the interconnect structure 300. For example, the device
structure 200 may have a lateral width D2 that 1s greater than
a lateral width D3 of the interconnect structure 300. Because
the device structure 200 1s wider than the interconnect
structure 300, portions of the underfill 402 may remain on
one or more sidewalls of the interconnect structure 300 after
singulation. In some embodiments, the underfill 402 may
have one or more sidewalls that are planar with sidewalls of
the device structure 200. In some embodiments, the lateral
width D3 may be between about 50% and about 100% of the
lateral width D2. In some embodiments, the lateral width D2
may be between about 30 mm and about 200 mm. In some
embodiments, the lateral width D3 may be between about 30
mm and about 200 mm.

Turning to FIG. 16, a package 400 1s shown that includes
a device structure 200 having about the same dimensions as
an 1nterconnect structure 300, in accordance with some
embodiments. For example, the device structure 200 may
have a lateral width D2 that 1s about the same as a lateral
width D3 of the interconnect structure 300. Because the
device structure 200 1s about the same size as the 1ntercon-
nect structure 300, one or more sidewalls of the interconnect
structure 300 may be free of underfill 402 after singulation.
In some embodiments, the interconnect structure 300 may
have one or more sidewalls that are planar with sidewalls of
the device structure 200. The underfill 402 located between
the device structure 200 and the interconnect structure 300
may also have sidewalls that are planar with sidewalls of the
device structure 200 and the interconnect structure 300. A
package 400 having planar sidewalls may be formed by, for
example, using a saw during singulation that cuts through
edge regions of the device structure 200, the interconnect
structure 300, and the underfill 402.

Turning to FIG. 17, the package 400 shown includes a
device structure 200 and an interconnect structure 300 1n
which the device structure 200 has smaller lateral dimen-
sions than the interconnect structure 300, 1n accordance with
some embodiments. For example, the device structure 200
may have a lateral width D2 that 1s smaller than a lateral
width D3 of the interconnect structure 300. Because the
interconnect structure 300 1s wider than the device structure
200, a two-part singulation process (described in greater
detail below m FIGS. 18A-C) may be performed such that,
alter singulation, the package 400 has a lateral width D2
near the device structure 200 and a lateral width D4 near the
interconnect structure 300. The lateral width D2 may be
smaller than the lateral width D4, forming a stepped profile
as shown i FIG. 17. Due to the two-part singulation
process, portions of the underfill 402 may remain on one or
more sidewalls of the interconnect structure 300 after sin-
gulation. In some embodiments, the remaining underfill 402
may have portions planar with sidewalls of the device
structure 200. In some embodiments, the lateral width D3
may be between about 100% and about 150% of the lateral
width D2. In some embodiments, the lateral width D4 may
be between about 100% and about 150% of the lateral width
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D2. In some embodiments, the underfill 402 remaining on
sidewalls of the interconnect structure 300 may have a
thickness between about 1 um and about 250 um. In some
embodiments, the iterconnect structure 300 may be free of
underfill 402 after singulation, such that the lateral width D3
and the lateral width D4 are the same. In some cases, the use
of a two-part singulation process allows for the device
structure 200 to have smaller dimensions, which can reduce
warping or thermal eflects.

FIGS. 18A-C illustrate intermediate steps of two-part
singulation process, 1 accordance with some embodiments.
FIG. 18A shows packages 400 prior to singulation, similar
to FIG. 14 described above. In FIG. 18B, the first step of the
two-part singulation process i1s performed, in which the
structure 1s first sawed 1n a region between the adjacent
packages 400. This first sawing may saw a first trench
having a depth H1 1nto the structure, which may be a depth
between about 100 um and about 2000 um 1n some embodi-
ments. The depth H1 may be greater than the thickness of the
device structure 200. In some embodiments, the bottom of
the first trench may be at a vertical location that 1s between
the bottom surface of the device structure 200 and top
surface of the interconnect structure 300 (see FIGS. 19A-C),
which may be within the underfill 402. In some embodi-
ments, the bottom of the first trench may be at a vertical
location that 1s lower than the top surface of the interconnect
structure 300 (see FIGS. 20A-C). The first trench may have
a width W1 between about 5 um and about 200 um 1n some
embodiments. In some embodiments, the width W1 1s
greater than the separation distance between adjacent inter-
connect structures (1.e., distance D1 shown 1n FIG. 10). The
depth H1 or the width W1 may be determined based on the
vertical and lateral dimensions of the device structures 200.

In FIG. 18C, the second step of the two-part singulation
process 1s performed, 1n which the structure 1s further sawed
to completely singulate adjacent packages 400. This second
sawing may saw a second trench having a depth H2 into the
first trench. The depth H2 1s equal to the distance between
the bottom of the first trench and the bottom surface of the
packages 400, which may be a depth between about 100 um
and about 2000 um in some embodiments. The depth H2
may be greater than, less than, or about the same as the
thickness of the interconnect structure 300. The second
trench may have a width W2 between about 5 um and about
200 um 1n some embodiments, which may be smaller than
the width W1 of the first trench. In some embodiments, the
width W2 may be between about 1% and about 100% of the
width W1. In some embodiments, the width W2 1s less than
or about equal to the separation distance between adjacent
interconnect structures (1.e., distance D1 shown 1n FIG. 10).
The depth H2 or the width W2 may be determined based on
the vertical dimensions, lateral dimensions, or separation
distances of the iterconnect structures 300. The center axis
of the second trench may be aligned to the center axis of the
first trench, but the center axis of the first trench and the
center axis of the second trench may be oflset from each
other 1n other embodiments.

FIGS. 19A-C and FIGS. 20A-C show portions of adjacent
packages 400 after a two-part singulation process has been
performed, 1n accordance with some embodiments. In FIGS.
19A-C, the first trench has a depth H1 such that the bottom
of the first trench 1s within the underfill 402. Thus, the
packages 400 have stepped profiles 1n which a step 1s located
below the bottom of the device structure 200 and above the
interconnect structure 300. The step of a stepped profile may
be located at any vertical position between the device
structure 200 and the interconnect structure 300. In some
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embodiments, the lateral distance of a step 1s between about
0 um and about 200 um, which may be determined from the
relative sizes and relative positions of the first trench (having
width W1) and the second trench (having width W2). As
shown 1n FIG. 19A, 1n some embodiments, after forming the
second trench, portions of the underfill 402 may remain on
the sidewalls of both adjacent interconnect structures 300. In
some cases, the presence of underfill 402 remaining on an
interconnect structure 300 can help protect the interconnect
structure 300 from e.g., physical damage or the environ-
ment. In some cases, leaving undertill 402 remaining on an
interconnect structure 300 can reduce the chance of delami-
nation or warping. The remaiming underfill 402 may have
about the same thickness on each sidewall or may have
different thicknesses. In some embodiments, the underfill
402 remamning on the sidewalls may have thicknesses
between about 0 um and about 200 um. In some embodi-
ments, a ratio of width W1 to width W2 may be between
about 0.1:1 and about 10:1. As shown 1n FIG. 19B, 1n some
embodiments, after forming the second trench, portions of
the underfill 402 may remain on the sidewall of only one of
the adjacent interconnect structures 300. In some embodi-
ments, the underfill 402 remaining on the sidewall may have
a thickness between about O um and about 200 um. In some
embodiments, a ratio of width W1 to width W2 may be
between about 0.1:1 and about 10:1. As shown 1n FIG. 19C,
in some embodiments, after forming the second trench, the
sidewalls of both of the adjacent interconnect structures 300

may be Iree of underfill 402. In some embodiments, a ratio
of width W1 to width W2 may be between about 0.1:1 and
about 10:1.

In FIGS. 20A-C, the first trench has a depth H1 such that
the bottom of the first trench 1s below the top surface of the
interconnect structure 300. Thus, the packages 400 have
stepped profiles 1n which a step 1s located at least partially
within the mterconnect structure 300. The step of a stepped
profile may be located at any vertical position within the
interconnect structure 300, though 1n some embodiments the
step 1s located within the topmost dielectric layer of the
interconnect structure 300. In some embodiments, the first
trench (having width W1) extends between 100 um and
about 2000 um 1nto the interconnect structure 300. In some
embodiments, the lateral distance of a step 1s between about
0 um and about 200 um, which may be determined from the
relative sizes and relative positions of the first trench (having
width W1) and the second trench (having width W2). As
shown 1n FI1G. 20A, 1n some embodiments, after forming the
second trench, portions of the underfill 402 may remain on
the sidewalls of both adjacent interconnect structures 300.
The remaining underfill 402 may have about the same
thickness on each sidewall or may have different thick-
nesses. In some embodiments, the underfill 402 remaining,
on the sidewalls may have thicknesses between about 0 um
and about 200 um. In some embodiments, a ratio of width
W1 to width W2 may be between about 0.1:1 and about
10:1. As shown 1n FIG. 20B, in some embodiments, after
forming the second trench, portions of the underfill 402 may
remain on the sidewall of only one of the adjacent intercon-
nect structures 300. In some embodiments, the underfill 402
remaining on the sidewall may have a thickness between
about 0 um and about 200 um. In some embodiments, a ratio
of width W1 to width W2 may be between about 0.1:1 and
about 10:1. As shown 1n FIG. 20C, 1n some embodiments,
alter forming the second trench, the sidewalls of both of the
adjacent interconnect structures 300 may be free of underfill
402. In some embodiments, a ratio of width W1 to width W2

may be between about 0.1:1 and about 10:1.
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By utilizing the embodiments described herein, the per-
formance of a device package may be improved, the cost of
a device package may be decreased, and the reliability of a
device package may be improved. Diflerent features of
embodiments described herein may be combined to achieve
these and other benefits. In some cases, by forming more
clectrical routing of the device package in redistribution
structures. By using established processes for forming elec-
trical routing 1n redistribution structures (e.g., fan-out pro-
cesses), the electrical routing of the device package may be
formed with decreased cost, greater efliciency, and/or
improved reliability. Redistribution structures as described
herein may be more reliable and have improved electrical
performance relative to mterconnect structures formed from.,
¢.g., build-up processes on a core substrate. In some cases,
by forming redistribution structures as described, more of
the manufacturing of a device package may be performed in
a single process tlow, which can reduce manufacturing cost
and 1improve manufacturing efliciency. In some cases, more
than one redistribution structure may be formed 1n a device
package. In some cases, warping and thermal eflects may be
reduced by forming more of the electrical routing in a
redistribution structure and less of the electrical routing 1n an
interconnect structure. In some cases, the techniques
described herein may be used to reduce the cost, improve the
reliability, and improve the performance of device packages
having larger sizes, such as device packages having dimen-
sions greater than about 70 mm by 70 mm (though also
applicable to device packages having other dimensions),
system-in-package devices, or system-on-water devices. For
example, the use of an interconnect structure as described
can provide stability and nigidity to the device package.

In an embodiment, a method includes forming a device
structure, forming the device structure including forming a
first redistribution structure over and electrically connected
to a semiconductor device, forming a molding material
surrounding the first redistribution structure and the semi-
conductor device, forming a second redistribution structure
over the molding material and the first redistribution struc-
ture, the second redistribution structure electrically con-
nected to the first redistribution structure, attaching an
interconnect structure to the second redistribution structure,
the interconnect structure including a core substrate, the
interconnect structure electrically connected to the second
redistribution structure, forming an underfill material on
sidewalls of the interconnect structure and between the
second redistribution structure and the interconnect struc-
ture. In an embodiment, attaching the interconnect structure
to the second redistribution structure includes forming mul-
tiple solder bumps on the second redistribution structure and
placing the interconnect structure on the multiple solder
bumps. In an embodiment, forming the second redistribution
structure 1ncludes depositing a polymer layer over the semi-
conductor device, patterning openings in the polymer laver,
forming a patterned mask over the polymer layer, depositing
conductive material over the polymer layer, using the pat-
terned mask. In an embodiment, a sidewall surface of the
underfill material has a lateral step. In an embodiment, the
first redistribution structure has a first lateral width that 1s
less than a second lateral width of the second redistribution
structure. In an embodiment, the second redistribution struc-
ture has a second lateral width that 1s greater than a third
lateral width of the interconnect structure. In an embodi-
ment, the method further includes removing the undertill
material from a sidewall of the interconnect structure. In an
embodiment, the core substrate includes an epoxy molding
compound. In an embodiment, the method further includes
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forming the interconnect structure, wherein forming the
interconnect structure includes forming first conductive
traces over a first side of a core substrate, forming second
conductive traces over a second side of the core substrate,
and forming a multiple through vias extending through the
core substrate, the through vias electrically connected to the
first conductive traces and to the second conductive traces.

In an embodiment, a method includes placing multiple
semiconductor devices on a carrier substrate, forming mul-
tiple first redistribution structures, wherein each first distri-
bution structure 1s formed on one or more respective semi-
conductor  devices, encapsulating the  multiple
semiconductor devices and the multiple first redistribution
structures with an encapsulant, forming multiple second
redistribution structures, wherein each second distribution
structure 1s formed on a respective first redistribution struc-
ture, attaching multiple interconnect structures to the mul-
tiple second redistribution structures, wherein each inter-
connect structure 1s attached to a respective second
redistribution structure, depositing an underfill material
between adjacent interconnect structures, and performing a
singulation process to form multiple device packages,
wherein each device package includes a semiconductor
device of the multiple semiconductor devices, a first redis-
tribution structure of the multiple first redistribution struc-
tures, a second redistribution structure of the multiple sec-
ond redistribution structures, and an interconnect structure
of the plurality of interconnect structures. In an embodiment,
performing the singulation process includes forming a first
trench extending between adjacent second redistribution
structures of the multiple second redistribution structures,
the first trench having a first width, and forming a second
trench within the first trench, the second trench having a
second width that 1s less than the first width, the second
trench extending between adjacent interconnect structures of
the multiple interconnect structures. In an embodiment, after
performing the singulation process, the multiple second
redistribution structures each have a first lateral width and
the multiple iterconnect structures each have a second
lateral width, wherein the first lateral width 1s between 50%
and 150% of the second lateral width. In an embodiment,
attaching multiple 1nterconnect structures to the multiple
second redistribution structures includes a thermocompres-
sive process. In an embodiment, each of the second redis-
tribution structures of the multiple second redistribution
structures has a first lateral width and each of the intercon-
nect structures of the plurality of interconnect structures has
a second lateral width, wherein the first lateral width 1s less
than the second lateral width. In an embodiment, after
performing the singulation process, each nterconnect struc-
ture has sidewalls planar with sidewalls of the second
redistribution structure.

In an embodiment, a package includes a device structure
including a first redistribution structure electrically con-
nected to at least one semiconductor device, wherein the first
redistribution structure and the at least one semiconductor
device 1s surrounded by a molding material, a second
redistribution structure extending over the first redistribution
structure and the first molding material of the device struc-
ture, wherein the second redistribution structure 1s electri-
cally connected to the first redistribution structure of the
device structure, wherein the second redistribution structure
includes first conductive traces and first dielectric layers, an
interconnect structure electrically connected to the second
redistribution structure, the mterconnect structure including,
a routing structure formed over a substrate, wherein the
routing structure includes a second conductive traces and
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second dielectric layers, wherein the matenal of the second
dielectric layers 1s different from the material of the first
dielectric layers, and an underfill material extending
between the second redistribution structure and the inter-
connect structure. In an embodiment, the coeflicient of
thermal expansion (CTE) of the material of the second
dielectric layers 1s greater than the CTE of the material of the
first dielectric layers. In an embodiment, the material of the
second dielectric layers includes Ajinomoto build-up film
(ABF). In an embodiment, the underfill maternial extends
over sidewalls of the interconnect structure. In an embodi-
ment, the first multiple conductive traces have a smaller line
width roughness (LWR) than the second multiple conductive
traces.

The foregoing outlines features of several embodiments
so that those skilled 1n the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:
1. A method comprising:
forming a device structure, forming the device structure
comprising:
forming a first redistribution structure over and elec-
trically connected to a semiconductor device; and
forming a molding material surrounding the first redis-
tribution structure and the semiconductor device:
forming a second redistribution structure over the mold-
ing material and the first redistribution structure, the
second redistribution structure electrically connected to
the first redistribution structure;
attaching an interconnect structure to the second redis-
tribution structure, the interconnect structure com-
prising a core substrate, the interconnect structure
clectrically connected to the second redistribution
structure, wherein the redistribution structure has a
lateral width that 1s greater than a lateral width of the
interconnect structure; and

forming an underfill material on sidewalls of the inter-
connect structure and between the second redistribution
structure and the interconnect structure.

2. The method of claim 1, wherein attaching the inter-
connect structure to the second redistribution structure com-
Prises:

forming a plurality of solder bumps on the second redis-

tribution structure; and

placing the interconnect structure on the plurality of

solder bumps.

3. The method of claim 1, wherein forming the second
redistribution structure comprises:

depositing a polymer layer over the semiconductor

device;

patterning openings in the polymer layer;

forming a patterned mask over the polymer layer; and

depositing conductive material over the polymer layer,

using the patterned mask.

4. The method of claim 1, wherein a sidewall surface of
the underfill material has a lateral step.



US 11,171,090 B2

23

5. The method of claim 1, wherein the first redistribution
structure has a lateral width that 1s less than a lateral width
of the second redistribution structure.

6. The method of claim 1, wherein the core substrate
comprises an epoxy molding compound.

7. The method of claim 1, further comprising forming the
interconnect structure, wherein forming the interconnect
structure comprises:

forming a first plurality of conductive traces over a first

side of a core substrate:

forming a second plurality of conductive traces over a

second side of the core substrate; and

forming a plurality of through vias extending through the

core substrate, the through vias electrically connected
to the first plurality of conductive traces and to the
second plurality of conductive traces.

8. A method, comprising:

placing a plurality of semiconductor devices on a carrier

substrate;
forming a plurality of first redistribution structures,
wherein each first redistribution structure 1s formed on
one or more respective semiconductor devices;

encapsulating the plurality of semiconductor devices and
the plurality of first redistribution structures with an
encapsulant;
forming a plurality of second redistribution structures,
wherein each second distribution structure 1s formed on
a respective first redistribution structure;

attaching a plurality of interconnect structures to the
plurality of second redistribution structures, wherein
cach iterconnect structure 1s attached to a respective
second redistribution structure;

depositing an underfill material between adjacent inter-

connect structures; and

performing a singulation process to form a plurality of

device packages, wherein each device package com-
prises a semiconductor device of the plurality of semi-
conductor devices, a first redistribution structure of the
plurality of first redistribution structures, a second
redistribution structure of the plurality of second redis-
tribution structures, and an interconnect structure of the
plurality of interconnect structures.

9. The method of claim 8, wherein performing the sin-
gulation process comprises:

forming a first trench extending between adjacent second

redistribution structures of the plurality of second redis-
tribution structures, the first trench having a first width;
and

forming a second trench within the first trench, the second

trench having a second width that 1s less than the first
width, the second trench extending between adjacent
interconnect structures of the plurality of interconnect
structures.

10. The method of claim 8, wherein, after performing the
singulation process, the plurality of second redistribution
structures each have a first lateral width and the plurality of
interconnect structures each have a second lateral width,
wherein the first lateral width 1s between 50% and 150% of
the second lateral width.

11. The method of claim 8, wherein attaching the plurality
ol interconnect structures to the plurality of second redis-
tribution structures comprises a thermocompressive process.
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12. The method of claam 8, wherein each of the second
redistribution structures of the plurality of second redistri-
bution structures has a first lateral width and each of the
interconnect structures of the plurality of interconnect struc-
tures has a second lateral width, wherein the first lateral
width 1s less than the second lateral width.

13. The method of claim 8, wherein, after performing the
singulation process, each interconnect structure has side-
walls planar with sidewalls of the second redistribution
structure.

14. A method comprising:

attaching a plurality of semiconductor devices to a carrier

substrate;
encapsulating the plurality of semiconductor devices with
a first molding material;

forming a first redistribution structure over the plurality of
semiconductor devices and the first molding material,
wherein the first redistribution structure is electrically
connected to the plurality of semiconductor devices;

depositing a second molding material to encapsulate the
plurality of semiconductor devices, the first redistribu-
tion structure, and the first molding material, wherein a
surface of the second molding material and a surface of
the first redistribution structure are coplanar;
forming a second redistribution structure extending over
the first redistribution structure and the second molding
material, wherein the second redistribution structure 1s
clectrically connected to the first redistribution struc-
ture;
connecting an interconnect structure to the second redis-
tribution structure, the interconnect structure compris-
ing a routing structure formed over a substrate, wherein
the routing structure 1s formed of different materials
than the second redistribution structure; and

encapsulating the interconnect structure with a third
molding maternial, wherein the third molding material
extends between the second redistribution structure and
the interconnect structure.

15. The method of claim 14 further comprising perform-
ing a singulation process on the second redistribution struc-
ture, wherein the third molding material remains on side-
walls of the interconnect structure after performing the
singulation process.

16. The method of claim 14, wherein the routing structure
comprises Ajinomoto build-up film (ABF).

17. The method of claim 14, wherein connecting an
interconnect structure to the second redistribution structure
comprises forming conductive connectors on the second
redistribution structure, placing the interconnect structure on
the conductive connectors, and performing a retflow process.

18. The method of claim 14, wherein conductive traces of
the second redistribution structure have a smaller line width

than conductive traces of the routing structure.

19. The method of claim 1, wherein a sidewall of the
second redistribution structure 1s coplanar with a sidewall of
the underfill material.

20. The method of claim 14, wherein the second redis-
tribution structure 1s wider.
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